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ABSTRACT

A major system upgrade was undertaken in TLRS-1 to improve the
ranging acciracy as well as to eliminate the biases observed during
coltocation with Moblas-4 & -8. The goal is to obtain collocated
Lageos passes with Moblas-7 at the sub-cm level with calibration
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calibration data. Recent operational results show satellite and ground
data close to the projected performance. In this paper we overview
past system bias characteristics, causes for the bias and engineering
upgrades accomplished to meet the goals.




1.0 INTRODUCTION

The collocation of TLRS-1 (Transportable lLaser Ranging System}
with MOBLAS-4 in Monument Peak and MOBLAS—-8 in Quincy, California,
during Sept. 1984-July 1985, revealed an azimuth dependent bias of
approximately 10cm. Extensive investigations were carried out by the
crew in the field with external help to identify and correct tha
problem to no avail. Hence the NASA Crustal dynamics program decided
to bring the system to Goddard Optical Research Facility for detailed
engineering evaluation and analysis by Bendix Engineering group and to
make appropriate modifications to the system so as to reduce the bias
to the l-om level.

2.0 COLLOCATION RESULTS FROM QUINCY AND MONUMENT PEAK

Fig.l illustrates the bias as a function of azimuth angle. It is
evident that the data shows a transition to 1.0 cm bias in the azimuth
angle range of 30 = 210 degrees ("frontside”), and is close to zero in
the range of 211 - 29 degrees ("backside™). An important feature to
recognize here is the difference in the nature of the bias when the
mount is switching from "hackside" to "frontside" mode.

3.0 ENGINEERING EVALUATION

The AZ-EL mount of TLRS~1 has a 2 feet lever—-arm and this

produces two equivalent orientations for the mount which are mutually
realizable by azimuth rotation of 180 degrees and elevation rotation
of twice the angle with respect to senith. These two equivalent
orientations are known as backside and frontside modes. The mount can
exhibit few mm of optical path length difference depending on the
orientation. The magnitude of the observed bias was too large to be a
consequence of the mount orientation. However, if the optical
alignment of the system is such that the beam shifts at the field of
““ViéW”Uf”the”teieseope~dependimgﬂon“thg_Qﬁi@ﬂt@ti@ﬂznﬁhﬁﬁucan produce
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significant bias if the detector is sensitive to the spatial

positioning of the beam.

For optoelectronic detection of the recelved signal from the
satellite the system had a high guantum efficiency Varian
photomultiplier tube as the detector. Laboratory experiments have
shown that the tube can exhibit 6-8Bcm time-walk even for Fow mm of
spatial displacement of the heam on the photocathode. The electren
heam inside this tube has a cycloidal trajectory between dynodes due
to the longitudinal electric field and hence the frangit bime 15 not
space-invariant. The single largest contribution towards ihe pias
could thus be attributed to the detector. The errors in calibration
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path distances, discriminator calibration, nonlinearity in the TD811
time interval counter etc., may be considered as additiocnal sources for
the observed bias.

4.0 HARDWARE/SOFTWARE UPGRADES AND PERFORMANCE RESULTS

The need for hardware/software upgrade was imperative following
the determination of the above problems. To verify that the data-loop
hardware changes (Table-1) would accomplish the set objectives,
horizontal ranging was performed on 8 targets. These targets were
located to provide fairly uniform azimuth angle coverage and had
ranges. of 50-400 meters. Fig.2 illustrates the measured system delay
as a function of azimuth angle for various targets. Each division on
the horizontal axis is 15 degrees while that on the vertical axis is
50ps (77.5mm). Measurements were performed on the front and backside
modes. As can be seen from the plot the azimuth dependence was not
more than 6mm and is within the uncertainty of the hardware and survey
measurement. The mean difference between the front and backside mode
was less than 2mm and the upgraded hardware thus should meet the

~projected goals.

Table~1 illustrates the hardware configuration before and after
the upgrade. Major software upgrade was also necessary for hardware
interface, system diagnostics, shot-shot measurements of system
parameters, and real-time computation/display of the statistics of
ranging. A new analytical mount model was also developed to provide
smoother aligmment and tracking capability and 1is expected to become
operational in the near future.

.uwum““mTh&msyshﬁmmhashbeﬁnhsabjechedgtowextensiue.gt@undwaeshiagﬂmpsi@r~w~~m§
to the commencement of collocation to meet collocation prereguisites.

These tests included cube map, system stability as a function of time,
range, signal amplitude , temperature and azimuth. These results are
displayed in Fig.3~6 and it is clear that the system is capable of
providing sub-cm collocation data.

Collocation is presently underway at Goddard Optical Research facility
between TLRS_1 and MOBLAS 7 and the initial results are meeting the
sub-cm criteria and look very encouraging. More collocated passes are
to be taken and analyzed and the results will be published at a future
time.
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ABSTRACT

The paper outlines the history of laser ranging in Japan, and
introduces the SLRS installed in the Simosato Hydrographic Observatory
of Hydrographic Department, Maritime Safety Agency. It also describes
the transportable system ; TLRS now under development for determinin -
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INTRODUCTION

The work on laser ranging in Japan began with an experi-
ment of ranging the GEOS and DIADEME satellites at the Dodaira
Station of Tokyo Astronomical Observatory (TAO) in December
1968. A satellite laser ranging system (SLRS) using a receiv-
ing telescope with diameter of 60 cm, and a ruby laser with
pulse width of 50 ns, output of 1 J, 1 pps, was manufactured
for the experiment(l)(z),

A lunar ranging experiment was made at the Okayama
Astrophysical Observatory in 1971 with the target of the retro-
reflector installed by Apollo 11 on the surface of the moon.
The experiment employed an astronomical telescope with diameter
of 188 cm as the transmitting and receiving optics, and a ruby
laser with output of 5 J, 12 ppm(3)(4}. Above two systems were
developed by TAO and Hitachi.

The work of TAO has since been continued at the Dodaira
Station, and the system was improved several times.

A test model of an SLRS for geodetic observation was built

up jointly by the Hydrographic Department (JHD) of Maritime S

Safety Agency (MSA) and Geographical Survey Institute (GSI) and
installed at the Kanozan Geodetic Observatory in 1976. The
system employed a receiving optics with diameter of 40 om, a
ruby laser, and a three-axis mount (3.

Upon reviewing the experiment results and the world's
technological trends, the JHD decided to use an SLRS for marine
geodetic control, and to determine the locations of isclated
islands around Japan. The JHD introduced a fixed type SLRS for
the base station into the Simosato Hydrographic Observatory

(sHoY (8},



The SLRS is of the same sigze with the system of the IFAG sta-

tion in West Germany. It is provided with a receiving
telescope, 60 cm in diameter, and an Nd~-YAG laser having a
pulse width of 200 ps, 4 pps.

Japan's first geodetic satellite "AJISAI" which means
"HYDRANGER" of flower in Japanese was launched on an orbit on
August 12, 1986(UT), by the first H-1 rocket which was deve-
loped by the National Space Development Agency {NASDA).

Following the introduction of the fixed type SLRS, the MSA
has started developing a transportable SLRS:TLRS which is
intended for determining the locations of isolated islands in
combination with the satellite "AJISAI". The TLRS, now being
manufactured by Hitachi Limited, is expected to be completed in
October 1987,

THE SLRS AT SIMOSATO
The laser site of the Simosato Hydrographic Observatory is

situated close to the point of Kii Peninsula of Honshu Island

(1357 56 min. E, 33° 34 min.). The site, at an altitude of 0

‘”ﬁéﬁéféméﬁé§ém£8émééé“ié§éi;”%é;égwéﬂguééé”of Kumano. With
annual precipitation of more than 2,700 mm, the climate is not
50 suitable for satellite ranging.

The SLRS at Simosato was manufactured jointly by GTE of the
U.S.A. and Hitachi of Japan under the supervision of JHD. GTE
manufactured the laser, optics and mount, control and data-
brocessing equipment subsystem, and main software. Hitachi
took the roles of manufacturing the timing system, the system
calibration equipment including the ground target, various

types of support software for operation and data processing,




and of integrating, installing and adjusting the entire system.

The SLRS was brought into the Simosato site in February
1982. Regular observation was started in April after some
adjustment and testing. Since then, the SLRS has been
continuously operating for four years to date,

Figure 1 shows an external view of the entire Simosato
station. The SLRS installation is housed in the building on
the right side. Figure 2 shows the electronics including the
control and data-processing equipment subsystem. Figure 3
shows the optics and mount.

Pable 1 lists the main items of the system specification.

During the discussions on the proposed SLRS installation
at Simosato, those who concerned with the project were afraid
that satisfactory observation might not be performed at the
low-altitude, seashore site, where the climatic conditions are
not favorable for the purpose. Table 2 lists the results of
the observation during the past four years, which indicate that

the number of annual data acqu151tlons has been increasing.

Ranglng data of 29? passes and 243 800 rangeb was acqulred for

the LAGEOCS in 1985.

System operation and ranging of LAGEOS, STARLETTE and
BEACON-C is conducted around-the-clock by five staff members
headed by Mr, E. Nishimura. One of the ranging objects was
changed from BEACON-C to AJISAL last August. Figure 4 shows
the ranging data of AJISAL obtained immediately after its
launching.

Hitachi has been contracting with JHD for the SLRS mainte-

nance.

z
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Thé.cdbfdiﬁéﬁés“ofzﬁgévbésé béihtzét the SHO were esti-
mated from tﬁe'satéiliéé:réhéihg data obtained at the Simosato
site, and Wéré”réédtéé&{7y;(3}l - |

'.In addifibﬁ'td“iﬁe'mééﬁ‘%bfk féf”méiihé'géédetic control,
tne JHB partLCLpates in the efforts to detect plate motions and
crustai mevmments in the SLRS observatlon pro;ect which will
contribute to estimatzng the earth rotatzon and g@oghys1cai
garamet@rs | o | |

The foiiowxng addltlen$ and chang@s were mad@ to the SLRS:

.(l) Laser attenuator |

The ground target is #sed to callbrate the system
Ideiay time. An attenuator of the construction shown
@iﬁ7Fig;'5 is*é&aéa~td7the4syéteﬁ'ih“ét&ét“to”&ggﬂré -
safety against thé laser beam and to match the signal
int@nsity wiﬁh thezievél oﬁ.the signal reflected by
the satéliiﬁe. A high'éttenuation ratio is obtained
ffom the diffractive effect of a pin.hole aperture

and a beam splatter with high r@flectzon ratlo

(2) Photcmultiplier tube (PMT) ' ' §
The static crossed fieid type photomultiplier tube
initially employed for the system caused deterioration
of the dynode gain in about two years after the start
of its use, and needsad to be replaced. However, the
PMT was then out of production. Its substitute
selected was the Micro channel plate PMT with gate.

At the same time, a wideband =wo! 1viar (DC to 3.15

GHz) was added to the back £ th: PMT in order to




prevent the output from being saturatad by ths 3tro
background light in the daytime, ana o improva thea
signal level detectable by the systam.

Its employment resulted in the increase in the data
acquisition rate and similar ranging accurszcy o o

initial PMT, helped by the additional amplifisr.
(3) Software

Support software was developed and zldad £0 oig &a

software. The major items of tne 5uL70;

include the satellite path charting Zzaturse [or

observation scheduling, the star positicn COFLULIng

and tracking feature for correcting

errcrs, the ranging accuracy calculating Lzatursz,

Y]
i

satellite position calculating featur

fat

cal intesration mecho:, and the ioysnice nolo [eatur

1
"

“or facilitating sate. lite tracxinz ~uzn ootsetl

error.

atthors visited the laser sites of CERGA 1n »rmofz, oo 3 oin

West Germany, NASA Goddard, SAC Boston and szvi.. ‘Gozarara in

the U.S.A. The authors wish to thank cre s:iroonn. of thzse

5'ganizations for their kind advice and 1z

Vi
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TRANSPORTABRLE SYSTEM; HTLRS

The transportable system: HTLRS the JHD plans to latroduce
is to be used for AJISAI satellite ranging to determine the
locations of ten major isolated islands around Japan. Figure 6
shows these ten islands {(marked with a double circle) where
mobile observation is expected.

The observation is scheduled to be done on two islands a
year. The SLRS will be transported by truck, by ship (cargo
boat or ferry boat), or by aircraft.

To permit transportation by the above means, the entire
system will be housed in two shelters as shown in Fig. 7 and
designed to weigh less than five tons.

The optics/mount and the laser are assembled on the same
bench. Upon arrival at the site, the bench is installed on a
concrete pier constructed on the ground independently of the
shelters. The electronics including the control and data pro-

cessing equipment subsystem are housed in the other shelter.

Table 3 lists the major specifications of the system.

Figure 8 is a block diagram showing the system configuration.
The major target satellite of the HTLRS is the AJISAI. It is,
however, designed to be capable of ranging the LAGEQS.

The ability of a ranging system is represented by the con-
cept of system size(9), The authors defined the system zize
parameter 8§ for the SLRS as follows:

S =n-Eo-&r «"af¥% n  ...... e et e e s e tee e (1

where,



nble 2 Data Acguisition =t Slmogsto Hydrogranphic

Observatory and lis lean Hange Accuracy

LACEQS

vear passes ranges

STARLETTE

Dasses ranges

B

pass

1982
1983
1984
1985

~Aug 1986

accuracy

297
156

11,000
30,000
93,300
243, 800
103,900

9. 0cn

36
116
118
108

53

b 700 -

29 400

37,800

38,800

11,700

9. 8cm

59
199
150
154
56

EACON C AJISAT
es ranges  passes ranges
11,500 -
92,200 - -
56,100 -
67,500 - -
15, 400 27 25 300
g Zoem




ooy Laser outputirepetitions
- Hoo ¢ Laser output energy
Ar i . Area of receiving optics
aBy:  Efficiency of transmitting and receiving optics’
i oo Quantum efficliency of detector.

Figure 9 shows the system size of the transportable SLRS
defined by the equation (1) above. The horizontal axis in Fig.
9 represeﬁts.“S“ in equation. {1}, while the vertical axis
shows the beam divergence of the transmitting laser. The
oblique lines in the'diagram indicate the relationship between
system size 5 to detect reflected signals ffom the LAGOS and
the GS8-1 at an cuﬁput of rate of one photoelectron per second,

and beam divergence Bt.

System size S of the transportable SLRS is designed to be

3.5 to 17 w.sq.cm, which means that the detection of one photo-
electron output per second can be obtained (detectable) by
IShooting at the LAGEOS with beam divergence of approximately

100 arc seconds,.

' "'“"““"i?h*e*}ﬁ‘i‘“ﬁR&“:i:“swvexp'e*c‘t“ed*"t*cwbemc}perated“Wi”t‘:h‘”b@am“diiverg@ntre"‘””““’“'““ T

of 40 arc seconds. Then, the theoretical value of the signal
level received from the LAGEOS will be 10 to 1 p.e. per shot.

The system is designed to operate during the period of night to

twilight time.
Figure 10 shows the calculated results of the detection

probability of a few receiving systems based on the authors'

studlies on weak pulse light'detect%on(lo)f(ll)f{lZ); The hori-—




microsec., while the vertical axis shows the detection probabi-

lity. Parameter Ns indicates the average number of received
photons. The curves of detection probability are, from left to
right, the results of threshold detection at single p.e. level,
multichannel (8 channel) detection, and coincidence detection
using double pulses by two output branching, respectively.

One~channel threshold detection (single p.e. detection)
will be conducted in the early days of the transportable system
introduction, although the multichannel or coincidence system
is more desirable for twilight operation. Possibility of day
time ranging may be discussed by narrowing range gate from 10
Ms to 100 ns and the bandwidth of interference filter from 8 A
to 1 A.

The HTLRS will employ the NA-YAG laser., Its output is 50
mJ per pulse, pulse width is up to 200 ps, and repetition is 10
pos .

Hitachi's personal computer, Model Bl6/FX will be used to

control the system and process data.

““““““““““““““““““““““““““ The Rb. frequency standard with a time-calibration by Loran -

will be employed. for the timing subsystem.

The detector will be used for the micro channel PMT with
gate, similarly to the Simosato system.

The optics/mount subsystem will be of a new configuration.
Figure 11 illustrates a rough sketch of the optics/mount sub-
system, while Fig. 12 shows its configuratiocn. The receiving
telescope 1s arranged so that the light axis will coincide with
the elevation axis, and will be stationary for the elevation

axis. The transmitting laser beam passes along the azimuth

A Y R T T S

SRR E L IR
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axis, and is shot via the reflector mirror on the rear of the

secondary mirror of the receiving telescope and the tracking
mirror. Only the tracking mirror, installed at an angle of 45°
to the elevation axis, revolves around the elevation axis.

This arrangement has such advantages as that the receiving
telescope can be stabilized because it is used in a neariy sta-
ticnary state, that the load can be reduced because the eleva-
tion axis needs to drive only the tracking mirror, and that the
transmitting optics can be simplified.

The two axes, elevation and azimuth, are driven by a
direct drive torgue motor.

The HTLRS is provided with an additional Ffor detecting the
flash light of the sun reflected vy the AJISAI (star of magni-
tude 2 to 4, 2 pps, 5 ms width) and determining the flash times
(rise and fall) besides the main feature for tracking and
ranging the satellite. This additional feature is used to fix
the time of photographic observation of the AJISAT with fixed

stars in the background.
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Toble 1 Major Specifications of the SLRS at Simosato

Subsystem

Specification

Mount
Configuration
Transmitier system
Tracking rate
Orthogonality
Wobble
Angutar resolution
Drive
Transmitting optics
Type
Diameter -
Beam divergence
Start pulse detector
Receiving optics
Type '
Diaineter
Field of view
Sun shutter
Spectral filter
Optical attenuator
Laser
Type
Wave length
Qutput energy
Pulse widih

CURepelition e T

Receiving clectronics
Detector fype
Quantum cffccioncy
Risc time
Gate position
Gate width
Flight time counter

Control
Mount control

Data flow rate
Clock

Frequency standard

Comparison
Computer

CPU

Peripherals

elevation over azimuth

"laser stationary — two axes Coudé path

from sidereal to 1° per second

5 arcsec

+7 arcsec in elevation, X5 arcsec in azimuth
20 bits £1.2 arcsec)

DC direct drive torque motors .

Galitean

17cm

25 urad — 2 mrad {computer controlled)

common with receiver electronics connected by fiber optics

Cassegrain
60 cm

100 prad. — 2 mrad (computer controlicd)
- automatic

0.8 nm bandpass (temperature controlled)
0 - 40 dB (computer controtled)

N YAG

532 nm

150 mJ (normal)
200 ps

PMT (static crossed-ficld)

29%

120 ps

2 s — 130 ms (computer controlled)
0.2 us — 33 ms (computer controlled)
20 ps resolution

DC servo amplifiers (45 A peak current) with torque motors, tacho-

meters and encoders (manual, computer and computer aided)
30 Hz

a Rubidium (2 x 1071y oscillator
multi-Loran C waves (NW Pacific Chaiin"i

PDP 11/60 (64 kw Mos- and 1 kw cache memory)

two 5.2 Mbyte disk drives, a magnelic tape unit, a paper tape
reader/punch, a hardcopy terminat and a CRT display '
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PROGRESS IN SLR AT SHANGHAI OBSERVATORY

Z. Wen-Yao, T, De~Tong
Shanghai Observatory
Academia Sinica
Shanghai ~ China -

Telephone 386194
Telex 33164 SHAOQ CN

ABSTRACT -

SLR work at Shanghai Observatory was started in 1975, while develop-
ment of the second-generation SLR system, with the aperture of the
telescope 60 cm and the width of the Nd:YAG laser pulse 4-5 nsec, was
begun in 1978, During the MERIT Main Campaign the Laser Geodynamic Satel-
lite LAGEOS has been successfully observed with this Taser system. Accor-
ding to the CSR analyses, the accuracy of our data for singte shot is
about 15 cm. In that period, the system has the capability of a maximum

range of about 8542 km, the Towest elevation angle of 20 degrees for LAGEOS ;

and the Tongest track arc of 45 minutes in a pass. . .
After MERIT Campaign we began to set up a new Nd/YAG frequency-doubled

mode-Tocked Taser ranging system in order to improve the accuracy of LAGEOS
ranging.
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PROGRESS IN SLR AT SHANGHAL OBSERVATORY

Contact: 2Zhu Wen-yao, Tan De-tong
Shanghal Observatory
Academia Sinica
Shanghai, China

Tel: 386191
Telex: 33164 SHAC CHN

1, THE SLR EXPERIMENTAL SYSTEM WITE 5 CHM ACCURACY AT SHANGHAIL OBSERVATORY

LR work at Shanghai Chservatory was started in 1975, while development
of the second-generation  SLR system, with the aperture of the telescope
60 cm and the width of the NA:YAG laser pulse 4-3 nsec, was begun in 1978.
During the MERIT Main Campaign the Laser Geodynamic Satellite LAGEOS has
been successfully observed with this laser system. According to the CS5R
analyses, the accuracy of our data for single shot is about 15 cm. in
that period, the system has the capability of a maximum range of about
8542 km, the lowest elevation angle of 20 degrees for LAGEGS, and the longest
track arc of 45 minutes in a pass.

After MERIT Campalgn we began to set up a new NA:YAG frequency~doubled
Mmpﬂejiqugﬁw;qgg;“ranging system in order to improve t+he accuracy of LAGEOS

ranging. This syétém"ééﬁéiéié'“éf”“éﬁ”"Ggﬁiiiat&r;"“a“"pu159“w$@ieetazq~wtw0MmmHMMHM

amplifiers and a frequency~doulbler. The oscillator mode-locked by using
both acousto-optic modulator and saturable dye produces a sequential laser
pulse traing.

The width of each pulse with TEMOO mode is 32 picoseconds. The pulse
selector extracts one single pulse out of the pulse train, then is amplified
through the two amplifiers. The cutput energy from the amplifiers is about
100 mj per pulse at 1.06 um. In order to match the pulse width with the
rige time of receiving system, the pulse width are expanded to 120 ps by
uming two F-P mirrors. After frequency doubled with a KDP crystal, the
output energy is now 30-50 mj al 0.53 wwm. The block diagram of Nd:YAG
mode-locked laser system is shown in Flg. 1. The width of output pulse
has been measured with a streak camera, it is shown in Fig. 2.

A 8-bit microcomputer with 64k byte memory is used for real-time tracking
control which is made in China. The accuracies of both predicting and
tracking are about 10 arcgoconds.

In Nov. 1985, the mode-locked laser system was set up at Zo-Se Station
of the 8hanghal Observatory. On Dec. 12, 1985, we received the [irst echo
from LAGECS by the new laser system. Tive passes with 606 data were obtained

¢
H
]
}
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during the experimental stage. These data had been preprocessed with a
residual analvtic program of our Gheervatory. The result is shown in Table
b and Flg. 3-6. Meanwhile we transmitted these quick~lock data to NASA/STAN.

The GLAN and CHR have anslyzed these dats, Table 2 lists thair results.

From Table 1, 2, we cen see that the accuracy of this new SLR system
is about 5 om for single shot.

In order to explore the stability of the experimental system, 2 ground
target set on the top of a water tower separated by &€75.6 meters awav from
the laser, 1s uvsed for calibration of the laser system. apertures of Jdiffe-
rent size representing different return signal strength have been used
on both receiving and transmitting telescopes to simulate the raturn signal
strength from the satellite. The resvlts of the caelibration for ground
target indicate that the stability of mode-locked ranging system is about
0.11 ns {Z om}. See Table, 3.

It is expected that the thivd~generation SLE system at Shanghai Chservatory
will be in routine operation From Sept. 1986 onwards.

2. SLR DATA ANALYSIS

During the MERIT Main Campaign, as one of the Associated Analysis Center,
the BShanghai Observatory had processed the global data of LAGEDS gatellite,
using the software named SHORDE, which stands for Shanghai Observatory
Srbit Determination Processor. The results obtained are A series of ERP-
ERP (SHA) B3L0l. ¥t lists the solutions for two components of polar motion
for each 5-~day arc since the beginning of Bept. 1983. 7The interval precision
is approximately 2.1 mas for x,, 2.2 mas for ¥p and 0.13 ms for Dy. In
addition, the ability to detect the rate of change of polar motion % and
%p’ with S5-day are solution has been estimated to be approximately 1 mas/day

The accurscy of the determination of the orbit of LAGEOS satellite is
about 14 om for each S5-~day arc from the overall weighted RMS fit of the
laser cobservations to the orbits.

Using SHORDE software, we determined +hae length of the baseline hetween
wo  Chinese SLR stations of Shanghai Observatory and Xian Institute of
Geodesy and Cartography. All cobservational data are divided into two nres:
5-day arc from 18 through 22, Oct. 1984 and d~day arc during 231-26, Cct,
1984, They are processed respectively. The weighted mean wvalue of twe
solutions is equal to 1192%62.8540.11 m, The obtained resvlt can be for
checking the length survey of geodetic triangulated network., The regearching
work of the determination of global plate motion and deformation using
LAGEOS tracking date is also underway.

Recently we have alsc completed a program for the transfer of the fuli-
rate data to normal point data. This program includes: (1} pre-processing
of full-rate data, (23 generating short-arc/long-arc trajectories for LAG-OS
and removing some of the seffects of +rhe unmodeled perturbations, and (3
obtaining normal peint data and identifving bad ocbservations,

1. THE CHIWESE SLR NETWORY

The Chinege SLE network is al.o being developed. At preseny, his e w:r-

cngist  of severn stat ons o ated at Thangtai  Waban 77 an-h n. - urmins ¢




Xian, Guangzhou, and Zhengzhou. The rang.ny accuracy of these stasioas
except the ghanghai and Wuhan stations, is about 2. ¢m for sinlle 370
py 1988, two SLR systems of the third generation will be djoined int A s
network. The Chinese SLR network is aimed at geodesy, ancronowy noo oges -
dynamcis applications such as building of the zero order geodetic control ling
network, monitoring of the regional crustal deformstior ard s. on.
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Table

The Summory of Observation for TAGHONH with Mode-T,ocked

EJ&UGI‘
E Pate Time Length ol arc Total Accuracy
g e S B Obs. ~ {cm)
bec. 12,1985 1ahu8m 18h59“ 't 182 6.3
bec. 16,1985 go Nt ot m 29" Ty 7.6
Jan, 5,1986 17! 3 —~Hlf§6m {30 1353 6.l
Jan. 8,1986 | 17" yphyon 1" 131 6.9
Jen. 91906 | 19%16%1ghsn 7" 16 5.0
lable 2 The Results of Analysis at GLTN and CSR
No.of GLTN C%? wwwwwwww
Date the Obs.| Good Accuracy Good Aecuracy
- R Sent Obs, | {cm) Obs. (cm)
‘Dec.12,1585 &0 61 7.2 75 644
bec. 16,1965 o0 L9 L.S 49 569
Jan, 5,1986 100 97 45 97 o dy
Jan., 8,1986 100 100 5.5 100 5.8
Jan. 9,1986 15 14 6.0 14 5.2
Table 3 Calibrated Stability for Ground Targel {(Dec.16,1u85)
; . - S ey
Transmltter Recaelver No. of Measure Value of Cbs.ng) |
Aperture(cm ) | Aperture(mn ) N B
- 2 o1 h650.14
Pl B 54 ho50.1 ‘
by 2 97 45650, 09
0.5 x4 2 5% 649,97
Py b 2 69 1|6[i9 91
Ou s x 1 13 ;6;() 16
Averaga !6JQ UULLNI]
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“HTERKOSMOS LASER RADAR, VERSIGN MODE LOCKEY TRALK

K. Hamal, M. Cech, H. Jelinkova

A. Novotny, 1. Prochazka

Czech Technical University

Facuity of Nuclear Science and Physical Eng.
Brehova 7, 115 19 Prague - Czechoslovakia -

Telephone 848840
TWX 121254 FJFI ¢

B.B. Baghos, M. Tawadros, Y. Helalj

Helwan Institute of Astronomy and Geophysics
Academy of Scientific Research and Technology
Helwan, Cairo - Egypt -

TWX G30670 HIAG UN

ABSTRACT

The INTERKOSMOS 2.generation satellite laser station, built in
1980, Tocated in Helwan, has been operating since 1982 in the mode
tocked train version. To improve the performance several upgradings
have been made since 1984. To improve RMS, the new Start detector
and HPE370B counter have been implemented. To improve the reliabitity

the t?aﬂsmfi??fmhéﬁwb€8ﬂw?3§£ﬁdMintamihenﬁﬁudQVMIQHstudyn&ew~detecter3;-~~‘~~~~~“5

- the independent receiver chain No.2, consisting of Newtonian 32 cm
telescope, detector and HP5360 counter has been implemented. This
arrangement ailows to apply different detectors inciuding solid state
silicon diode operating at room temperature on single/multi photon
signal Tevel,




TR RAGSMOS LABER =DAR,

E:isION MODE-L . CKED TRAIL

K,ﬁamai,M,Cech,H.Jei{nkové,aaNovotn§,i.Prochézka

B.B.Baghas,M.Tawadros,Y.Helali

The INTERKOSMOS 2.generation
tocated in Helwan,
train version [2]. ToO improve the
have been made since 1984,

7o improve RMS, the new
nave been implemented.
contributed 50 psec to the RMS budget.
congists of PMT RCA3I1034A,
discriminator and HP5 370B counter.

70 improve the reliability, the transmitter has been placed
increase of
stability was resulted. The laser transmitter itself was exanmined

influencing the beam guality

under dif ferent conditions “[5].
the independent receiver chain

¥Nr .2, consisting of the Newtonian 32cm telescope,
HP5360 counter has been implemented. This arrangement allows to
detectors (solid state diode .[61),
ranging has been provided using the original receiver chain Nr.l. 3
has been tested at the ;

into Coude focus. A tremendous

to identify the
(4] .

optical elements
The saturable dye was tested
To study new detectors {61,

apply different

To have a compar ision, the MCP PMT Varian
indoor calibration facilities [71.

To collect data from both chains,
and data processing procedures, some other
been implemented into the software package.

The calibration and system
to the upgraded version «{10].

at the indoor cal ibration facilities .[8].
Summary.

before upgrading

1984
System stability (ps) 150
System jitter (ps) 520

Upgrading of the existing 2.generation
:,generation has been proposed ({10} .

laser radar.,
has been operating since 1982 in mode~-lockes
performance several upgradings

The detector chain Nr.l
two HP8447 amplifiers,

the computer software
package has been modified. To simplify the cal ibration,

puilt in 1980 {1}

Start detector and HP5370B counte.
The Start petector [31,

using a transistor,

ORTEC 4733

the laser output

detector and

while routine

ranging
modifications have

stability tests have heen acomodated

Tﬁémstrﬁng~signakmresponsemfxom“PhﬁwP?QFgﬁipde was measured

after upgraging

1986
PMT MCP-PMT diode
110 25
300 100 100

laser station into
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JPGRADES AND NEW DEVELOPMcNTS
ON SATELLITE LASER RANGING
STATION FROM GRASSE

F. Pierren and the laser staff
Ooservatoive de Calern

Laussols

06460 Saint Vallier de Thisy =~ France -

fzlephone 93 47 62 70 - 93 35 58 49
“alex 470865 F

RESTRACT

The Grasse Satellite Laser Station, operating since 1678, in a ¥irst
step with a decimeter accuracy has successively been upgraded,

At first the ruby laser was replaced by an active mode locked Nd:YAG
taser in 1984 and it puts the system at a centimeter level.

After that, in view to give to this station a tota) efficiency and

zutonomy the replacement of the computer was undertaken and this improvment
should be ready before the and of 1935,

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Th?sﬁ?’e?de’sm‘?b%'ﬁheSfﬁ?ﬁi@ﬂtcday’hardware%ndsgftware}g1ta SRR

erformances and its prssibilities.




1.0VERVIEW OF THE SATELLITE LASER RANGING FROM GRASSE

The Satellite Laser Ranging of GRASSE is,in fact,
installed in the mountains just above Grasse where the
astronomical Observatory of the CERGA has heen built. (Annexe i}

The site is a plateau al a 1250 meter altitude at
20 Kilometers from Grasse and the weather is particularly

favorable to Laser Ranging.

This §.L.R. Station developed in the Years 75-78 and
entirely financed by the French Spatial Organisation(C.N.E.S.)
obtained the first returns in 1978 and,since this time,in spite
of some interruptions,it has provided to the Scientific community

NN

TR

a lot of data of an increasing guality.

In order to minimize the interruptions of data,the modi-

—fications and upgrade have been carried out in stages.

in a first time the Ruby Laser System(3 Nanosecondes of PWHM: %
was replaced by an active Mode-locked ND:YAG in 1984 and in a %

second time{1985)the change of the computer and software was

,,,,,,,,,,,,,,, undertaken;“,v

For this occasion,the software was totally refurbished
in taking into account the new techonology and the requirements
for the data(great number of data,need of quick dispatching the

results with the new link possibilities,...)

This very important work is beeing terminated in a few
weeks and so,the station will acguire all the possibilities of

a modern station.



<. HARDWRARE. EQUIPMENTS

Except the Mount,the Telescope and the computer,all
the hardware equipments are installed in a schelter ,where the
sperators stand during the ranging,close to the building.

The mount rests on a concrete pier at 3 meters from
the ground and a floor independant from the mount allows to
reach the equipment attached to the telescope.

2.1 MOUNT,TELESCOPE(Annexe 2)

The optical system consists of -

- The Telescope(Cassegrain)proper of a diameter or
1 meter and a focal length of B meters;it is especially
dedicated receiving light from returns.

- The transmitting afocal optics made of lenses with
a diameter of 20 Centimeters.

-A sighting Refracting Telescope to achieve some
adjustments(particularly the alignment of the transmitting

and receiving axe5¢hhﬁ“fimingmdiree%i@ﬂyaﬂthO“obserVE“thé """"""""""""""""" )

satellites when they are illuminated.

As the Telescope,the Mount was designed,drawn and bui‘t
in FRANCE,it is an altazimuth system with an absolute
accuracy of about 10 arcseconds.,

The encoders{absolute)have a resolution of 1.2 arcseconds
{2 bits),

The laser beam 1is going to the transmitting optic throuuh
a coude path with five coated mirrors.




2.7 ND:YAG LASER(Annexe 3]

This transmiter built by QUANTEL FRANCE currently
provides a single 200 Picoseconde pulse at a repetition rate

of % Hertz or 10 Hertz.

One of the distinctive features of this system is that
it is possible to operate the oscillator either in passive
{with dye) or in active(with pockel cells) mode:this active
mode is generally used for an easier operabting.

An active mode-locker{at 70 Megahertzl)in the cavity

increase the stability of the pulse train.

At the outgoing of the oscillator,the slicer(with
avalanches transistors)selects one pulse and,after a double
pass and the final amplifier,the single pulse energy 1is §

~urrvently 100 Millijoules per shot in the green.

2.3 TIMING EQUIPMENTS. (Annexe 4)

The chronometry is achieved by a Thomson event-timer
~of for channels{(l start and 3 stop).The resolution of this

egquipment is of 100 Picosecondes.

The start time is trigerred by a rhotodiode on the
Laser bench and through a TENNELEC discriminator.

The Photomultiplier tube(RTC 2233b)is going replaced
in a few time by a Micro channel plate HAMAMATSU PMT in view
to increase the RMS of the data and reduce systematic biases.
A constant fraction discriminator TENNELEC is used for the

stop channels.

With such a configuration,the RMS currently

achieved is from 3 to 5 Centimeters on a zsatellite pass.



2.4 COMPUTER:

The Computer is a DICITAL EQUIPMENT(DEC) PDP 11-72
with & memory size of one Mega-byte and an optional hardware
to increase the spesd of floating operations.

- Numerous specialized interfaces to control the Servo of mount,

the encoders,the avent-timer,electronic systems to alaborate
the range gate,..

A 2 parallel I/0 64 hits

# 1 Real-time clock

b
et

Digital/BAnalog convertar
~A Track-ball{connected by an asynchronous linklin view:
* To introduce corrections during the tracking

* To process the data

““““““““““““““““ Bigfer&ntmaﬁs5t@ra€§esaf‘ecgﬂﬂeﬁtédtt}this{:é‘}mguﬁeg: e
- Two removable disk systems of 10 Mega-bhytes

* One for the system.

* One for the software developments.

=~ One Winchester disk of 160 Mega-bytes

*Storage and editing the data.



ne Magnetic Tape drive{one-half inch,i600 BPI:

% Disk backups
% Editing full rate data
* Different exchanges

This computer is connected(by the VAX in grasse) to the
computing center of CNES in TOULOUSE.
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The computer is running under the Real-time Multitask,

Multiusers RSX 11 M PLUS Operating System.

According to their functions,all the modules were writien
either in Assembly language({Driver modules ,Process control,

Interrupt services routine modules,...) or in Fortran 77

................... Language for all the scientific calculations and every time it

was possible.

The programs are accessible to the operators through

a system of Menu .
The different possibilities are:

~-Computing the shedules of a given satellits=.

-Tracking:
* Stars.
& Satellite(Ranging)
~Target(Calibration)



- Preprocessing Data
* Manual

* Automatic

- Editing
*Quick-Look
*Full rate Data

3.1 SCHEDULE COMPUTING (Annexe 5)

Once a Month the Opetator éomputés the Séh&dule of
LAGEDS, STARLETTE and ﬁJISAI(Rlse tlme Set time ,Max Elevatlan}
in view to establlsh work sahedule for the crew.

. These computations are achieved with the IRV far LAGEOS
and Keplerlan Elements for other satellltes.

3.2 TRACKING(Annexe 6 et 7)

The capabillty ta track the stars{dlrect and reverse)
" is needed to adjust the encoders and the parameters of the

mount.

The tasks which control the tracking of a satellite

are numerous.,

-Preliminary computation of Sité,Azimuth and range
of the satellite every second of time.




in veal time:
interpolating position(50 Hertz)

4 Servo control of the mount{activation every 20 Milliseconds
by internal clock)
Reading Encoders
Reading Track-Ball for correction
elaborating speed orders for servo amplifier site and

azimuth
# Interpolating range and derived of range
# Loading Range Catel(hctivation by an interrupt on firing,5 Hertz)

% Reading Start an Stop time on the ewvent timer(Interrupt on

the end of gate)

%~Com§uting of residuals for the exact firing time(With
predicted range and his derived)for later processing and

recording on a file.

A4 Ploting on Graphic display residuals and informations for

operator.

Q"?éa?_aing"{}pfefatbr cc}mmandsg .............................................................................................

After each pass,a calibration is achieved on a ground

target erected at a distance of about 2.5 Kilometers.
rive hundred returns are recorded and processed.

The calibration is appended to the file of the

preceding pass with the meteorological data.

i
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3.4 PREPROCESSING DATA

The preprocessing of the data is entirely based on the
residuals computed during the pass.

To avoid to spend a lot of time to read files and to
give more flexibility to the software,all the data are loaded
in the memory of the computer at the beginning with managment
memory facilities.

The data residuals are plotted on the graphic screen
and the operator can execute with the Track-ball a manual
cleaning (Annexe 9)of the data,after what an automatic
algorithm{with polynomial fitting,elimination at 2.5 RMS and
iteration) terminates the processing. (Annexe 10).

3.5 EDITING QUICK LOOK AND FULL RATE DATA:

After the cleaniﬁg of the data,the operator can edit
quick~look of the pass and send it to CNES in TOULOUSE where
an automatic telex will send it twice a week to the users.

The full rate data are computed and stored on the
Winchester disk and on a magnetic tape.

The original file(not processed)is copied on a tape
to be preserved.
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ANMEXE

SATELLITE GEODESIQUE

~ OBJECTIF DE VISEE

— CODEUR SITE

PHOTOMULTIPLI-
CATEUR 100 ps
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STATION LASER-SATELLIVES DU C.E.R.G.a.

LBEOB2004 . 48T

PHE @ 0.0 HOY. 1 17283.246 ne

R 4.0 E.T. : 128. ps

HE & CALIE. : . mm

Ere & CORDIS = 0. mm
E.8]. : 21

- ERTLLE = EOMELLE

poheiie 2000 ns targeur des canaux ! 5

coord. du madimem 1 A= 44 ps Y= 150 pte

STATION LASER-SATOLLITES BU C.E.R.GC.A.

LEGUER004. 46D

AHUENE g

PHE @ B7G.O MGY. 7283.246 ns
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HE ig CALIER. 26928, mm
VN 1 CORDIS 188, am
E.R. 21
FH - DTWE
schalie | 2,000 n: targeur des canaux 22, ps

g o maximum o

coord,

iz 44 pg

Y= 150 pts
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THE SBG LASER RADAR STATIONS POTSDAM AMD SANTIAGO DE CUBA
STATUS AND PERFORMANCE REPORT

L. Grunwaldt, H. Fischer, R. Neubert
Academy of Sciences of G.D.R.

Central Institute for Physics of the Farth
Potsdam 1500, G.D.R.

Telephone
Telex 15305

J. Del Pino

Cuban Academy of Sciences

Institute for Goephysics and Astronomy
Havana, Cuba

ABSTRACT

ystems are based on a modified d-axis satellite tracking camera
Their basic concepts and technical performance are typical for
neration devices. Blind tracking of LAGEQS using narrow beams is
ible with the help of a star calibration method. The systems are ope-
with Znd generation performance since 1981 and 1985, respectively.

w.v
po
W TR

[{ P

Patsdam st

e B T R

¢

ation is contributing continuously to the MERIT project
LAGECS tracking at santiago station started in December 1585,

93




4. Station 1181 Fotsdam

"he SBG telescops wWas developed in itne early sixties as 2
photographical fepoking camera ant Was operated at Central
ITnetitute for Physics of the Bar-: {7IPE) since 1466. In its
hasic construction, 1t was a Maksutov—Schmidt system (effective
diameter of receiver spties 32 em) on a 4-axis mount with axes
vo . 4 svd 7 fixed and aXxes 3 {along track) and 4 (cross track)
e Suring operation. Llong track movement wWas controlled
L punch tape with an accuracy sufficient for photographic
sracking of GECS type satellites (SBG mount see Fig.1).

The main modifications ts allow laser tracking with the SBG
was to mount an additional hinged fassegrain mirror in front
of the pho%ographical unit and to drill a ceritral hole through
the main mirror. In this way the receiver optics ani related
electronics could be placed behind this mirror. 3 two~stage
passively Q-gwitched rTuby 1aser was mounted on the main tube
and moved together with the telescope. By inserting and re-—
placing the Cagsegrain mirror, alternating photographical and
lassr observabtions became possible. This 48t generstion system
(laser pulsewidth 20U ns, visual tracking only) was operated
suceessfully since 1974, First LAGEDS returns wers obtained
in September 1977.

Especially through the years 1979-81, the system was up—
gradet to a 2nd generation device (possibility of automatic
observations, ranging errors of a few decimeters for all
exiasting laser catellites). The main hardware modifications
were:

- Eguipment of the 3rd and 4th axis with step motor drives
and digital encoders for precise positioning, 2nd axis

with a theodclite for accurate control of inclination.

~ On—-1line computer control of the mount and related elec—
tronics (digital range gate, laser firing etc. ). For this
purgséé:”éhmIECWSQSMfypé“interfaee~with~anéeskﬁapmﬂnmpﬂﬁﬁxum”qum” :

(8 — 24 kByte operational memory) as a controller is used. o

-~ Re placemant of the former laser transmitter (20 ns) by a

“ ns ruby laser 117,

There are somea limitations in further upgrading the system:
because of the opticalwmechanicai layout of the SBG mount
there is no possibility to install a Coudé focus. So both
1nger and recelver have +o bs moved together with the mount
beeing unfavourable ssneeially for more sophisticated laseTs
with shorter pulsewidih. hdditionally, the mount errors for a
h-axig mount are not B8O &8y ts handle and can be controlled
exactiy only by siar calibrations limiting this method to
night and twiiight observations.

A program system fyr satellite position prediction, on-line

i
§
t
i
H
t

mouns ot ., data reduction and orbital elements improvement
fpom owe menourements was developed [2]. Additionally, from
ct=r oborvaiions an error model for the 4—axis mount can be

derived Leading to @71 ~bsolute pointing accuracy of about



+/~ 30" which iz sufficient for most tracking purposes with
wider diffraction angles of +he laser. Totally blind tracking
of LAGEOS using narrow beams (20 - 30") can be attained by
cbserving the positions of some stars along the track of +the
satellite and finding the true setiing angles of the mount by
matching the observed and the catalogue positions of +the stars
via the computer. In this way the pointing accuracy ¢arn be ime
proved to about +/— 10" which is strongly enhancing the re—
liability of LAGEOS tracking, especially uging the long—tem
predictions of the LAGEOS position edited by the University
of Texas [3] to produce osculating elements for the given
pass. | | | D

The station 1181 Potsdam is contributing continously to the
MERIT project since the sho it campaign 1980,

2. Station 1953 Santiago dé Cuba

To improve the INTERKOSHMOS station distribution of highly
automated stations and aecording to the good experience with
the Potsdam equipment, a sécond SBG mount was upgradet accor-
ding to the main construction principles described above. Somse
slight modifications as enhancement of the laser output energy
and simplification of receiver optics were done. The station
wag egquipped in cocoperation between G.D.R., U.S.S.R. and Cuba.
After the installation in summer/autumn 1985, first perfor-
mance tests were carried out during Dec.1985/Jan. 1986 proving
that the main performance data are similar to the Potsdam de-
vice. In Fig.? and 3 typical range—n&ise:histograms on a pasg~
by-pass basis fer both stations are shown. For the Santiago
station it was gained from the performance test periocd, for
the Potsdam station it is derived from the whole MERIT main

campaign?hé_comparison af some  technical data - bebween bothy o

stations can be found in Table 1.

Table 1: Technical data of 3BG stations 1181 and 1953

Location Potsdam, G.D.R. Santiago de Cuba
Station number 1181 19513
Laser type Ruby, TEM,, Ruby, TEMoq
Pulsewidth/ns 5 5
Max. output/mJ 200 800
Min. divergency/" 20 20
Q—switch Dve cell Lye cell
Receiver type RCA C 310344 FEU 79
Quantum eff. /% %) 10 o 3-5
Bus controller HP g825 5 EMG 666 B
Oper. memory/kByte 24 _ &
Time base ZIPE time gepr— LORAN-C

vice {Cs-cloeck)
First operation March 1974 *x) December 1985
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AEBIGUITY AND RESOLUTION oF 1 MODE-~LOCKED
PULSE TRAIN LASER RADAR

R. Neubert, B. Ritschel, I. Grunwaldt
Academy of Sciences of G.D.R

Central Institute for Physics of the Earth
Telegrafenberg A 17, Potsdam 1500, G.D.R.

Telex 15305

ABSTRACT

The accuracy of a multipulse lasger radar has been studied
with dindoor experiments and computer simulation. For the ex—
beriments a mode-locked Hd-YAG laser producing 7 4o 9 pulses
of 4.6 ns spacing at 10 He repetition rate ig used. The fre-
quency—-doubled pulses are divided by & beamsplitter and recom-—
bined at the photomultiplier which ig working at the single
photoelectron level. The time-of-flight data are treated by
Gross—correlating the empirical distributions corresponding
to the +two light paths. This leads to an estimate of the
time»ofmfiight difference.Using a large amount of data sets,
the following parameters OB MINGd: ]

‘”%)mthampercentage~o£mes%ﬁmatésmsﬁifﬁéd”ﬁy“ﬁéfém%han half a

pulse spacing :

b} the standard deviation of the unshifted estimates,
For the parameters of ocur system, the percentage of "Ygood"
estimates 1ig higher than 909 ir more than 200 measurements
are used. A standard deviation of abous 100 ps is obtained
under the same conditions. Thesg results are obtained using
electrostatic PHT's with about 500 ps jitter.
Good agreement between the experiments and computer simu—
lations is foung. Thus the simulation method is used to
determine the system performance in a wider parameter range.
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ments with PMT receiver, the SP 109 was alwavs used.
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The precision 6f the sross—correlation method

h&_-ééé% ily adopted method for treating the data of a
mode—locked train laser radar is. to caleulate first the fre-
quency distributions of the calibration- and the ranging—
measurements separately, and then to determine the time shift
fﬁf>mazig*u.aexrﬁiaticn of the two distributions. An example
stribution is shown in Fig.2. The two subdistributions
acgording o path 1 and 2 are well separated from each other
by roughly &0 ns, bonveluting both distributions, Fig.4 was
b1 t..In this figure the convelution sum ie plotted 1ike
linking the points separsted by the bin widtl of
heg.maximun ecan- be determined very acturately dsing
rpolation method. In ocur case we obtain for the
t of maximum correlation (641,416 £ 0.1 )ns.
investigate the precision of the method, the measure-
of this and several other experiments were arranged
nto groups, Then the cross—correlation method was applied
o each group sc that an engemble of time shifts is obtained
from which statistical egtimates for the precision ean he
gained. The parameters under consideration are:

&

. the percentage of time shift results deviating fromw

the"real Value not more than half & pulse se paration
(this guantity called "uniqueness™)

the HMS errer of the results deviating not more than
half a pulse sevaration o

parameters are plotted in Fig. 5 and 6 in dependence

2 quantity ¢f measurements. As a normalized measure of
ata quantity we are using {(1/n, + ?fnzf%@ where n, and
the number of measurements for path 1 and path 2,
tively. Thie is just the probable srror of the ranging
ge for a single pulse system, expressed in terms of the
rd deviation of a single time interval measurement.
imate the uniguenszs {resp. ambiguity ) arnd precision
the measurements, 10 runs of 1000 points-each ars used.
tal ensemble of 10000 measurements is arrang=d into

of n, + ny = 60, 120, 240, 480 individual measure-
for each group the cross-—correlation methed i applied
n the generation of an ensemble of ranges from.
nteresting average parameters are gatinated. The
3”“Grdﬁﬁe_twgmiight,yaths.areuslighﬁlyueh&ngiﬁg
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from run tc run. Therefore averages for the parameter

(t/n, =+ 1/n4 Y% have to be determined also. The resulting
experimental values for the uniqueness and precision are
pletted with the symbol et in FPig., 5 and 6.

For comparison with theoretical values and fo obtain more
general results (including different shapes of the laser
signal like reduced pulse numbers), computer simulations were
sanrried out assuming the photodetection process to be de-—
seribed by Poisson statistics and the timing Jjitter to have
5 Gaussian distribution., The simulator is a pseudo random
number generator which outputs two possible numbers:

3 {corresponding T no detection) and 1 {detection). The
probablilities of the two states are determined by the average
number of photoelectrons {g) of the pulse according to:

P(O) = exp (~s) ; P(1} = 1~ exp (~s) .
The simulator is called for each consecutive pulse of the
group using the pulse intensities as input parameters. When
he first positive answer 0CCurs, the corresponding pulse
mumber is stored together with some added Gaussian timing
notge, By repeating thils process, 5000 simulated time inter-
vals for both the calibration and the ranging channel are
generated and stored into the memcry. In this process, the
average return rate for the calibration ig set to be 50% and
for the other channel 25%.

T estimate now the performance parameters of the system
in dependence on the amount of messurements, example reali-
sations are selected from simulated measurements and then
treated by the cross-—correlation method in the same way as :
is done with the real measurements. :
The selection of the individual values from the memory is ;
dore by calling an equally distributed pseudo random number
M”geﬁa%&%apm%@”é@@@$mina”thgmaddressaslmigﬂ”@Eﬁmﬁlﬁh2§§lirnm”m”m”m
sations are used to estimate the performance parameters, 1.e. T
the uniquensss and the HMS error of a cross—correlation re-~-
sult. -

To compare the experimental values with the simulations,
the average shape of the time interval histogram is needed.
I+ has been approximated by 9 Gausslan peaks with Gaussian
envelope according to

4

h = aﬁ%? exp (k%/U)- exp ({(¥ - tk)z/aﬁz ) B (1)
g

T A I AR AA AR AN

The average experimental parameters are U = 4.61, & = 386ps.
The separation of consecutive pulses is

At = T - ty = 4.5% ns,

S0 the relative resolution is G = & /at = 0.0848.

Using these parameters the results marked in Fig. 5 and 6 by
1k ape generated. They agree reasonably well with the experi-
meéntal points, especially for the unlqueness (Fig.5). This



agréeement is somewhat surprising because the laser pulse shape

fluctuations are not direetly modelled in the simulations,

Instead, the pulse shape 1is c¢hosen in agreement with the ob-

served histograms, Note further that the simulated results

showed almost no dependence from ny / n, if the above intro-
duced parameter (1/n,  + 1/n, )ﬁéis'kept constant., Thie is
proved in the range gy = 1.1, - '

Fer the eén&i@i@ns:uséé'iﬁ*c&xﬁexperimeﬁégs the following

cenclusions can be drawd: : - '

~ the performance of the ‘system can be reascnably well deter-
mined by the described simulation method . :

- 200 measurements for both calibration and ranging are reé-
guired to have 9 per cent probability of correct asgign-
ment of the data (not shifted by a multiple of the pulse
separation) ' SR : )

= the standard deviation of a result generated from 200 mea-
surements is in the order of 100 ps. o

The good representation of the éx?eriman%s-by the simula-
tien encouraged us +o study %hécé&pendénée-ef~the system per~
formance fronm the-laser'pulse:shépe and the timing resolution
more detailed. Some of the results are graphically represen—
'teéjin»§1g¢?*aﬁ&~8e~1ﬁ %kééé?ffgﬁféég”béfﬁﬁthé”ﬁni@uenesa
parameter (broken lines, 1 at the vertical scale corresponds
te 100%) and the ratio of the RNS error of the eross-corre—
lation result to the single-shot timing jitter (full lines)
are plotted in dependence on the amount of measurements. The
relative RMS errcr as defined describes the effect of
averaging.
in Fig.7 for a fixed laser pulse sghape the influenceé of the
timing reso lution is represented. 43 a measure of the reso-~

lution, the parameter € Cdefineﬁdaagthanmaﬁ&e»@fmﬁﬁamevera&&“”““““””“5
""""""""""""""""""""" TREMS T itter of the timing system to the pulse separation of

the laser pulseg) is ugsed. The time resgolution iz visualized
by the probability distributions of the tims intervals, i.e.
the shapes of the histograms for very large amcunts of mea-
surements .,

As can he seen from Fig.7, the timing resolution has a very
small influenceé on the uniqueness (resp. ambiguity) but some
effect on the relative RNS error. This behaviour is +to be
expected. We conclude from Fig.7 that the resolution para-
meter C should be smaller than 0.2. Note that for a given
reso lution of the timinge system, the parameter C can be ad-
Jjusted by the separation of the laser pulses which is
possible by choosing the laser resonator length,

The number of vulses in a laser pulse group is repregented
by. the parameter U. %@re-pr@@igelyg'%hiﬁ'ié-%&e”dvéfaii'
width of the probability distribution of +he time .intervals
according to equ.(1). The parameter U is chosen to be U = 6
in Fig.7. o R
The dependence of the system performance on the parameter U




for a fixed resolution ( € = 0.1 ) is shown in Fig.0. As eX-
pected, the parameter U has almost no effect on the error,
wut strong influence on the ambiguity. Fig.B may be used to
determine the amount of data to reach & given unigueness
level. & unigueness of 90% in connection with ¥ = 2 is
reagched for ny = nzssiﬁ, For U = 1 only 20 measuremenis are
needed in both channels to reach 90% unigueness. There are
some methods to minimize the parameter U inoluding laser
design, the combined use of nonlinear optical effects and
well matched start detectors. With generally available tech—
wlogy, U = e .2 should be 2 realisgtio valus .

Uonclilusion

Trom the results of this study we conclude that

the mode-—

1oeked train laser radar remains to be an attractive variant.
Tts main limitation, the ambiguity, can be reasonably overcome
using a sufficient data gquantity. The minimum data amount for

& given probability of porrect assignment can be gained from
this paper. AB a guide to good per{ ormance , one should resirict
the number of pulses per group to 2 minimum and adjust the

pulse separation +o roushly 10
E special advantage of the

times the timing
rigorous use of sing

Fitter.
le photoelier—

tpon detection is the 1ow level of sysiematic srrors. This
gives the possibility to attain normal point errcrs neal 1 cm
even by using conventional electrostatic photomultiplier
tubes.
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3.GENERATION LASER RADAR, VERSION MODE LOCKED TRAIN PROPOSAL

K. Hamaly 10 Prochazike

Czech Technical University
Faguity of Nuclear Science and Physical Eng.
Brefove 7, 115 19 Prague | - Czechoslovakia -

Telephone (1) 848840
TWY 121254 FIFI €

To range the satellites and the Moon at the 3rd gereration level
(rms<¥ cm}, laser transmitters generating mostly single pulse are exploited.
Foliowing the idea of £, Silgerberg (4WLRI, 1981) and B, Greene (SWLBI, 1984)
we propose-te exploitd the full train of mode locked pulses. The simpiifi-

cation of the Tader trangmitter is tremendous, the taser output averags power
may be 3 to & times higher for the same material damage threshold, To avnid
the ambiguidity in range determination we propose to use the tranzient digi-
tizers as the START/STOP discriminators. The ambiguidity is removed by START/
STOP signel crosscorrelation on the shot by shot basis for satellite/multi-

preton/renging Assuming the Moon ephensris qUaTIty, the possible ambiguidity
in Moon ranging at single photoelectron level may be removed by ranging data
ac : _

e o




ion Taser radar /version node locked train/proposal

. W5 sinale shot { 3ca (200 picoseconds)

JTITER budget main contributors - detector
- laser pulse
- discrinimator
RETERTOR jitter cortribucion
Wl /milei PE detection/  \/ [pulse energy] k
4

Hormal point acturasy  [average pover] C

LASER - mode locked train 3-DiLp

1ses, puise HAFY 3psec

BEIECTOR - microchannel PHT

harduidth 4A0Hz, 18sV/div seneitivity
diserininatars software nodelled
nonlinearities compensated

Crart/Stop events data ersseoirelzted

WATORS - Tranzient digitizer /Tektronix 791240/

i tapal, 1 Prochazha 1




ulti PE  single PE
10 psec
35 psec
12 psec

118 psec

. phatomultiplier (P} éipseg ,,,,, o lBpses




L3S

%EW T ﬁzﬁ

shorter pulses wval

gﬁézg ggigéj

i ot MR P P g N S S T T 1
oy e w.f,v(i:",v,»,w_‘«.".*f"«*,"':i‘l':«':\f:(;t:'»':\f”.i"i"."’;"‘.";‘}"‘}f‘:"""\"tfr~jvw-"r.f.,',",’,“"j-ﬁ\j\‘,,w;ewm4” R T




THE NEW SATELLITE LASER WANGING SYSTEM
AT CAGLIARI OBSERVATORY

RS Banny o T )
_lEéié%ﬁai%gﬁa?;&s&vsﬁaméa_Siatéﬁﬁ-sf Latitude
- Lagliart - Iialy o - | el
{35) 70 857857

€ OSSAST T

¥, Capoccia o7
YA Erobel &ﬂéa' _S;;‘:‘aﬁs i
Cargl fdri |

Telephone (39 70 99957

S TWE 7910900 -

- ABSTRACT

About one year 5gc the restructuring of our’ taser station was begun.,.
with the techniial assistante of the Vitroselenie Company of Cagliaris

The work consists of the total substitution of tracking, contrel and
datz acgquisition equipment,

y and precision of each single component.

¢ new station s expected to become operative in the first months

yingroutthe work the primg ConsTaeraton Was FRat OF the eyl




1. TRANSMISSION-RECEPTION PULSES SYSTEM

At present we have availabie a first-geueration Q-swit-
chéd “uby Laser that was custom-ouilt for us by Apollo Lasers
inc.

This system remained inactive for aboct three years for
various reasons, most of which of a technical nature.

therefore we are now in the process of verifying the effi-
ciency of the pochels Cells assembly, the Q-switching system,
the optical alignments, the o&lectrical system and also the
tracking system (fast diode, PMT, +ignal amplifiers).

The characteristi¢s of our Ruby Laser Transmitter are gi-
ven in Table 1.

For the transmissicn and reception of the laser shot we
use a single reflector telescope of the Cassegrain~coude’
type, the lenses of which were made in Florence.

tn the previous system, transmission, reéception and TV
control were carried out' by means of three distinct tele-
scopes, with consequent problems of mechanical inertia, opti-
cal aligrnment and electromechanics.

We therefore designed an optical diagram that couples the
rhree optical paths with the use of dichreic mirrors and beam
splitters with minimum variations in thée percentage of signal
power lLoss.

As for mounting, we have available the hbase of . Con-
traves BOTVCS-B cinetheodolite the electromechanical compo-
nents of which have been replaced, partly because they were
~-solete and partly because they had deteriorated.

The characteristics of the telescope are given in Table 1
and the optical diagram is described in Figs la and 1b.

Tabie 1.

R TASER PO TETCRTTOR s

Oscillator Red 1x7.5 cm AR coated ruby
amplifiex 1.3x15% com AR coated ruby
O=-Switch 1 ¢cm clear aperture,

KD*P pockels cell
Cavity configuration Flat-Flat, pulse-~on switching
Wavelength £94.3 nm
Line width 0.3 A fwhm typical
Output Enorgy 1 Joule in 5 ns pulse width
Beam divergence 3 mrad
Repetition Rate 60 per minute, maximum
Main Mirror 50 cm

Quartzand aluminium
Equivalent Focal Length 5 m

Field of View 0.0002-0,006 mrad

AT

SEETENT
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agimath 4nd” elevation drives the cinetheodolite wag
1 with servomotors of the type with direet current and.
tia which are coupled to the awes with gear wheel -

sctors for following are driven by servoamplifiers. and
sl ig vead by speedometer dynamos. . :
speedometer dynamos, which make up the velocity feed~
: the servoamplifisrs, are keyed on the same awis
tore themselves, PR _
servoamplifiers,. built with LST technology,
: converters with' bidirsotional, high~speed res~
wave modulation (PWMl, :
g aregoverned by & microprocessor which car-

%Ltia

et

oo
&

R
£3

<
i
£F
et
O

»

be following duties:
vz of the drive units
isition of angle data
ing of speed and position loops
cswitches : :

fir

cguing with computer personnel

croprocessor directly governs the function of fol-

: ntrol - by mesns of the pozitién feedback supplied by
neoders, o ST -

he azimuth and elevation encoders used are of the absgo-

type with a 16 bit angulax resolution; they consist of an

tical-mechanical part and a card containing all the elec-

tronic  interfacing to  the data acguisition and control

rICroprotesssy. 0 T T
In eorder t& optimize the angle readings the enceoders were
installed close to the two rotational axes with a system. for

e
n %, 3‘":}

the taking up of mechanical play such as ¢o guarantee aim

&

gﬁi s bolarancs of. <n L-degre e b
| ?&bié 2

SERVOMOTOR END ABSOLUTE ENCODER
77 Hem

240 Watt
0.18%




3. DATA ACQUISITION BYSTEM

23 in the case of following control, the data acguisition
sub-system 1s also governed by & microprocessor which carries
cut the following tasks:

a) time reading at the instant it receives the stop signal
from the PMT;

L) telescope position reading;

¢} Reading of time interval recorded by the time interval
counter; _

4} temperature, humidity and pressure sensor readings;

e} Dialogue with computer personnel.

The eclock is triggered by the 1 Mhz sample frequency of
cur Master Clock and therefore gives a resolution ¢f 1 us.

Furthermore, the clock is equipped with an output at va-
rious frequencies for thé laser control trigger.

_ Readings are carried out serially at the moment in which
the stop signal is received from the photomultiplier in the
order given above. )

Phe entire system will be managed by an IBM or IBM compa-
tible perconal computer to facilitate the management of both
+he follow contrel and data acquisition suyb-system and the
files of data acguired during satellite rangings.

tn Table 3 the salient characteristics of the system are
described.

Table 3

DATA ACQUISITION SYSTEM FEATURES

CLOCK RESOLUTION 1 us
CLOCK PRECISION not yet verified
"""""""""""""" PULSE TRIGGER FPREQUBNCY- - 1Hz=~10Hz
HP COUNTER RESOLUTION - 20 ps
HP COUNTER PRECISION 100 ps
Table 4

STATION SITE DATA

STATION NUMBER 4969 (Punta Sa Menta)
LATITUDE 38°08-32¢"

LONGITUDE geng 12"

ALTITUDE 202 m ssl

CAVU Average 120 days an year
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1.STATION REPORT 2% PER SEPTEMBER 1.1886-

LASER

Measurements proved that the emitted 1acer energy in the mean
wag never above 5 millijoules. 4 traction of the permitted
energy with the Quantel 402 DP laser. yet already at this output
tevel the KD¥P doublers had to be reworked quite frequently. The
reason for this 1% suspected insufficient mechanical stability.
and possibly uneven energy profile of the bheam.

The average frequency of trne laser shots aleso was never up o th
””é'siéfgf&é?i"fé"{i‘”"@“"'ﬁz"-ﬁf’V-'g@yn-b;;t..nmag.‘;l&i.Mi%ﬁgﬁ?{f?f"i around 5 Hz. This in
turn reduced data-yield. hctive/s
futuyre will improve this situation.

An unnoticed breakdown in primary laser conling caused destruc=
cion of a ND-YAG window and consequently a nreak in observatlons
netwesn July and Seplember 1485,

The puige*seleitmf {Krytroon switch) proved unreliable and will
pe replaced DY rhe end of this yeat.

TRARSMIT gPTICS

The lenses of the Galileil telescope Were replaced Dy & more pre-
cise set with netter coatings, +hus affording better bransmit-
tance and far field.

RECEIVER

After the protective shutter had been instailed, and 1 GHz band-
width orovided for the timing channel: tne microchannel plate
photomultiplier {Hamamat sy 2179407 was tried with some good
resulls.

397 of the datas though, have beeb gathered with the conven=
rional phﬂtemultlplier model D3418 by EMI.

A HPS370A time interval counter was purchased 10 spring 1986 and
sdded to the system. Due to the computer 1imitations mentioned

pasgive moda~{ocking in the neat

T

4



. wheather limited. obsecvations. as. well. as the. Bad -mociur

below, it could be used only for calibration purposes so.

far.
Intercomparison with our time digitizer showved a small reduction
in digitizing noige, but rno noticeable differsnce in’ syshe-
matice .. co ‘ ST
COMPUTER

The software was extended by some degres: most prominent exten-
sions were the possibility of communicating via GE-Mk 2 (making
telex transmission of QL data obsolete’. improved trachking sup-
port :and data screening. S g e

Fhe station computer PDP/11-40 under RT-11 and only 64 kbyte of
RAM: limited .the program evolution . and many few concsEpte Conlid

not yet be implemented. Becauss of this., and the increaging fai-
lure rate, we decided to introduce a new computer, most possibly
during 1987. ' ' ' : :

-TIME SYSTEM S L _ ' "
‘The station was. fitted with a BVA quartz oscillator as principal
‘time-base. This type of osgillator is reported to yield the best
short-time stability, ' ' - :

CPERATIGNS
Tracking efforts were considerable. but yigelds moderate. Th
Ft

L e

al
coverage by LAGECS in summer 1986. Much time was put ints
calibrations, to finally be able to speécify an errer budget.
Some special afforts were taking place in the fall of 1985, when
the dutch MTLRS was visiting Mte. Generoso in southern Switzer-
land. SLR. terrestrial LR and GPS observations were gathered.

‘Results are presently under review. . . R

FUTURE IMPROVEMENTS AND ADDITIOHS

The modifications. of the laser for active/passive mode-locking

maﬁ&w%patzaEmf&%ﬁ%f@nqmave“ﬁﬁ&@f“ﬁa??“?ﬁé“%@mgﬁzef FEpTaSEmERY T

{most probably by a DEC Microvax) and an exchange of angls-
encoders will be the most prominent upgrades at +tHe station in
1986/7. We also hope. by modification of the building structure,
to-gain space for a new laser table. The purpose is fo rearrvange
the laser related equipment to facilitate a mechanically more
stable setup. and to solve the radic interference problem into
the electronic system.

: Z. PRECISION ESTIMATE OF ZIMMERBALD LRS
This summary report coverg¢ the period September 1984 throough
August 1986. More detailed information is available on request .

Z.1 MODELLING AND ENVIRONMENTAL ERRORS

The survey error ig not being specified because we describe a
stationary system.

Refraction corrections are especially sensitive to the prassurs
measurement. From barometer trips from the State Standards
Laboratory, we conclude that the mercury barometer at  our
station is not beyond doubt. This situation is being cleared,




and for the reported period a worst case estimate used.1 Ho
o
measurements are made below 30 .

2.7 RANGIHNG MACHINE ERRORS

SPATIAL VARIATIOR

¥o test of this has heen made due to the 1ack of external calib-
cration. We trust that our mode~locked QUANTEL laser performs
equal to those tested at GSFC.Any remaining spatial gffect
should tend to average out due to our rather erratic tracking.

TEMPORAL VARIATIOR

he we perform in-pass calibration: temporal effects are
minimized. Howevel, the calibration measurements have been
averaged over the whole pass so far. The mean has been roundead
te 1410 of & nanosecond. intreducing a rounding error which
should not introduce systematics.

AMPLITUDE DEPEEDERCE

The gysitem WaS mostly operated in the 1-10 photon region
{LAGEQS). Stronger refurns were noticed on the display and the
peam immediately widened, thus limiting time-walk. Any excess
amplitudes could be detected after screening and appropriate
measures taken.

CALIRRATIOR PATH _

The internal path geometTy can be sufficiently well measured. On
the obher hand there 1s & piece of optical fibre for feedback -
the delay of which has to be measured electro-optically. The
method empleoyed ensures 30 uncertainty of less than 100 pico-
ceconds [ a value which can Dbe improved 1in ghe future.}

CALIBRATIOR {METEOROGICAL CONDITIONS)
Not applicable because of internal calibration.

MOURT MODEL
'“ﬁ@ﬁﬁtméﬂﬁ%ﬂ%fiaitymis”remQV$ﬁ“?Ymiﬁﬁm???9:“al calibration.

TIMING ERRORS

Daity TV comparisons spsure an accuracy of ¥1 microsecond;: an
additional allowance i made for the drift of the TV delay-
constant, which 18 checked yearly DY clock transport. Since thniz
method allows only "4 posteriory’ time comparison. the QL datsa
epochs are of LORAN accuracy. (¥ 5 us worst casel .

ge finally wish to remark that we miss a specification of the
chort~time stability of the flight-time clock {scale factor} !
We urgs that this iscue be discussed at the next opportunity H

lgote: A fault in the mechanical readout of the barometer has
nean found meanwhile: no adjustment 1is made of the data because

the error was judged negligible.




RANCING FREORS {CM}

PASE DAY MONTH IRDEF.
HODELLING ENVIRONMENTAL ERRORS
ATHOSPHERIC PROPAGATION |HOBRLT c 5 = 5.
ETROSPRERTC PROPACKTION TSEYEOROTIGTonT ' '
o BEBSUREMENTS . 1.0 1.0 1.0 1.0
BPATECRAFT CENTER OF FASE . A 5 5
"GRODNG SURVEY OF LAGER POSITION — -
BRI ACERESRT IO '
BLEET
1.2 1.2 112 1.2
EANGTRG HACHINE FRRORE
CEATIAL VARTRTION 1.0 ' : = =
TEMPORAL VARIATION == 1.0 3 1 1
STONAL GTEENGTH VERTATION
¥ eh 3.0 3.0 3.0 3.0
CALTERATION PATH {SURVEY) - 1.5 1 1.s };'5
CALIBRATION PATH (METEGROLOGICAL CONDITTONEI ~ T T
THOUNT ECCENTRICTTTES e T 1 1 .l
R.S.5,
3.70 3.50 3.40 3.40
RANGING ERRORS (CHM)
TIMING ERRORS {MICROSEC)
POWRTRELE TLOTE "SEY 1.0 1
BRGADCAST MONITORING 1.0
%.5.8. 1.5 5

ESTIMATED RANGING ERRORS FOR SATELLITE LASER RANGING SYSTEM
ZIMMERWALD LRS (7810)

1984-1986
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- THE NEW CERGA LLR STATION
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ABSTRACT | -
The ﬂeg‘Cekga ﬁ&nar Laser Rahging station is presented with its main
characteristics. The new YAG Taser delivers at 10 Hz two beams 300mJ each
in green with a 300 ps pulse. The new trans&itt?ngir&ceiv%%gﬁgaémt%ﬁg

package is described as well as the computer environment, The first ceries

on a single night (obtained after the workshop) are finally shown.
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1/ Introduction

The OCERGA LLR station has been operating for four years with results increasing both in quantity
and quality. I gsed 2 ruby laser with a 3ns/3J pulse and 10 shots per minute. Fig. 1 shows the
progression in data quantity and divessity {various refleciors ...}. Bince April 1984, the normal poiné
accuracy has been atable around 16 cm on the Moon distance. The OERGA station has been the most
produckive in 1985, and more than 2/3 of the UT determinations made from LLR that year have used

CERGA data,

74 7o

1983 (w7245 1984 (a=357) 1985 (a=766)

LEGEHD:

¥ fipelle Bl

% fipolle RV
i Apollo W

B Lunakhed 2

Pig. 1 - Normal point total number and repartition over reflectors - n is
¢he number of normal points obtained with the old ruby laser at thke CERGA LLR
station for the givem year.

AR A

In order to bmprove the accuracy of the data, an upgrade on two years has beenvgi;ﬁ'ﬂéé'%i" 198 T

and 1686, including a new vomputer, & pew laser and the new transmitting/receiving equipment linked
so different laser rate snd wavelengia.

2/ The laser

iy

fig. 2 shows the implementation of the new Quantel Nd-YAG jaser components on the granite.
The oscillating cavity can work in both active/passive {dye cell) or active/active modes. After the
slicer, each pulse is 1mlin 200 ps in active/active mode, or roughly .4 mlin 200 ps in active/passive
mode, both at a 10 He pulse rate and in infra-red. Two consecutive Tmm rod amplifiers permit to reach
260 m] in active/active mode, This pulse is divided in two equal pulses, both of them being finally
amplified on ite own third amplifier {(9mm rod}, a delay line insuring a simultaneity of the start at the
granite edge. The final energy is 600 mJ in infra-red per 300 ps pulse and per beam at 10 He.

By changing the Fabry-Perot glass at the cavity cutput edge, other pulse lengths in ackive/passive
mode can be obtained down antiil 25 pa. They can be used for exemple for accuracy tests on the
electronice. ¥ the active/sctive mode i easier bo work with (there is dye check and maintenance), it i
tess stable in energy. This mode has been used at the beginning till December 1686, The active/passive
mode iz now used due to a much better stability.
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Fig. 2 - Laser configuration - Energies are given at 10 Hy rate for 300 ps puilses.

The shape of the two. beams
st the edge of the laser snd on the -
telescope aperture ¢att be seen oy
Fig.'$. Hach beam has 4 9 nm

dismeter dfter the last amiplifier.
The two beams are made paral-
lef 2t the laser edge with 2 9 mm
separation. At the matching lous
fevel, the faser spote are fanioe 6

1.5 m

-

. at
telescope
aperture

osen in order to increase
by o factor 2 the emijttad ena . _ -
ergy without increasing the risks. . ... . .. e

order't

\»@ . ”'_ - s

of damaging the sptical compo-
nents, and for only 20% of luser
total cost, : Fig.3 - Double beam conflguration

&/ The transmitting / receiving /pointing package

The general design of this package is shown on Fig. 4. This system is mounted on the telescope and
s moving with the telescope azimuthal motion, It has been designed in order to minimise the number
of optical components encountered by the returns, The transmitted beam: is entering the telescope
after the matching lens (ML) and a reflection on a rotating mirror (RM1). This mirror itself starts the
laser when in transmission position. Its speed iz monitored by the computer in order to inatre that the
returns are entering the receiving path through the hole of the second rotating mirror, in fact a rotating
hole (RM2). RM2 allows to send the pointed field on 5 COD camera and then to view the pointed area
on & TV screen when RM1 is not transmitting nor RM2 receiving {most of the time), )

A displragm adjustable from 5 to 607 is located at the telescope focus (F) on the return path, A
dishroic giass (D) nends e green returas on the PMT through the filter wheel (FW) within an afocal
systom. The red way e fiéd i Howhiere s eyépiece
LO& me o L TR TR A
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Fig. 4~ Transmitting /receiviog/ pointing package - See text for inforoiation.

M1 (lower left] is sended on the receiving package through neutral densibies (MDD} for attenuation, &
ceond mirror M2 and a converging feng C1L focusing the calibration in 2 peint OF conjugate of the
te)eseope focus. After M3, the calibration go through the dichroic glass (D} and follows the returs path
E

“le inbernal calibration path is shows on the same figure. The light srensmitted by the first mirror

£/ The computer and jis environment

The pew computer {PDP 11/73] has been installed in September 1985 and has menitorsd the ruby
aiation ten monthe before the lager change. Its snvironmens is shown on Fig. 5. The matn characterictics
of the configuration is that the PDP is not concerned with telescope pointing and guiding. At the
beguning of each obssrving session, the date needed for pointing the Muon {9 refersnce craters and
yhe fve reflectors) and close stars are sent feom the PDP to a microcomputer Victor §1. This small

computer is sufficient for running the telescope for all the night with & very Friendly roftware.




The PDP is thus only busy with

the real time menitoring of the sta- { Teloseops . e
tion : rotating mirrors snelavement, e baser siart dot.
i / :

event acquisition (laser starts, inger- “1/4 Flop e ,;,amm P
nal calibration and in gate events), $ICTOR 51 ! Clocks z
gate commands, ... The event-timer - Tennales|——| BT

}

has one channel for the laser start \ .
8 Flep. I
.._..ﬂ__ffmj\\

and three other for events {calibra-
tion or/and gate events). Ibs reso.

bution is B0 ps. A lnk ie planned
between the PDP and a OCD cam- 2 1 Bisk !/

ers used for pointing stars or features

on the Moon. It could be used for
ah automatic pointing {planned for

] |

.| Bvent-timer

|
~ (e

PP 1173
BSE 11 #s

/
\\ Tr/Rae rotat. sirrors
the end of 1987). A data process-

.. e
e , ]
ing s made at the end of each series -

providing with the normal point {if lw e ’(;‘T b7 L Camera {L&ser
there are identified returns). At the ‘
end of the night, these data can be

used for a UTO determination, Fig.5 - Computer environment

|

i
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The PDP is linked to the VAX computer located at the CERGA down and the normal points can
be sent from the station on the VAX and from there on the CNES CDC computers.

8/ Conslusion

The system described here is working since the end of September 1986, It is planned to spend 8
months to test and improve the various components of the station recently modified or changed {laser,
electronics, mechanics and software]. It is thus tao early to give some conclusions on the efficiency
of the new station. The next paragraph added after the waorkshop will show the frst resuits, but no
information on energy or error budgets can be extracted from these data. The PMT, the laser and the
internal calibration were not at there normal efficiency ... and the timing electronics was not tuned at
this time for minimal jitters and biaces.

The year 1987 should proof the quality both in accuracy and in efficiency that we hope to have
with this new LLR station.




&/ First vesults ...

Fig. 6 shows a plot of the residuals for four normal points obtained in November 1986 {ns on
the round-trip). The dotted Hne shows the fit done to determine UTO from thes data. It can be seen
that the pradiction used for the observations was very poor. The value finally found using X and Y
prediction from BIH is :

UTO — UTC = —0.00024 s (o = 00127} at JD = 2446759.673591

The weighted vms of the residuals s 4.5 cm on the Moon distance.
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Fig. & - First normal point residuals - November 1986 - Residuals for four
normal points in ns relative to the hour angle of the Moon (in hr}. See text for more
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